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SUMMARY 
VAPEPS ( V i b r o A c o u s t i c  Pay load  Env i ronmen t  P re -  
d i c t i o n  System) i s  a computer  p rog ram wh ich  i s  used 
t o  p r e d i c t  t h e  v i b r o a c o u s t i c  response  o f  a s t r u c -  
t u r e .  An a l t e r n a t e  VAPEPS m o d e l i n g  t e c h n i q u e ,  t h e  
NASA Lew is  Method,  i s  an improvement  f o r  m o d e l i n g  
u n r e i n f o r c e d  mass l o a d e d  honeycomb p a n e l s .  The 
NASA L e w i s  Method p r e d i c t i o n  i s  compared t o  t h e  
s t a n d a r d  ASMS VAPEPS p r e d i c t i o n ,  and t h e  a c o u s t i c  
t e s t  d a t a  f o r  t h r e e  s p a c e c r a f t  p a n e l s .  An a n a l y t i -  
c a l  method o f  compu t ing  v a r i a n c e  i s  p r e s e n t e d  and 
used to compute 95 p e r c e n t  c o n f i d e n c e  l e v e l s .  
These l e v e l s  a r e  compared t o  t h e  s t a n d a r d  VAPEPS 
c o n f i d e n c e  l e v e l s  and t o  t h e  enve lope  o f  t h e  t e s t  
d a t a .  
g e s t e d  i n  t h i s  paper ,  b o t h  t h e  mean p r e d i c t i o n  and 
t h e  95 p e r c e n t  c o n f i d e n c e  l e v e l  p r e d i c t i o n  ag ree  
w e l l  w i t h  t h e  t e s t  d a t a  i n  b o t h  s p e c t r a l  shape 
and m a g n i t u d e .  T h e r e f o r e ,  t h e  NASA Lew is  Method 
p r e d i c t i o n  me thodo logy  may be used t o  d e f i n e  more 
r e a l i s t i c  random v i b r a t i o n  t e s t  l e v e l s .  







The VAPEPS ( V i b r o A c o u s t i c  Pay load  Env i ronmen t  
P r e d i c t i o n  System) computer  program, deve loped  by  
Lockheed M i s s i l e s  and Space D i v i s i o n  and m a i n t a i n e d  
by  t h e  J e t  P r o p u l s i o n  L a b o r a t o r y  ( JPL) ,  p e r f o r m s  
v i b r o a c o u s t i c  e n v i r o n m e n t a l  response  p r e d i c t i o n s  
based o n  S t a t i s t i c a l  Energy A n a l y s i s  ( S E A ) .  The 
advan tage  o f  u s i n g  VAPEPS as an a n a l y t i c a l  t o o l  i s  
i t  can  be u t i l i z e d  e a r l y  i n  t h e  d e s i g n  p r o c e s s ;  SEA 
m o d e l i n g  does n o t  r e q u i r e  p r e c i s e  s t r u c t u r a l  p rope  
t i e s  as does a f i n i t e  e l e m e n t  mode l .  The VAPEPS 
v i b r o a c o u s t i c  response  p r e d i c t i o n s  a r e  used t o  
s p e c i f y  random v i b r a t i o n  t e s t  l e v e l s .  
T y p i c a l  s p a c e c r a f t  d e s i g n s  use  honeycomb pane 
c o n s t r u c t i o n .  The s t a n d a r d  VAPEPS p r e d i c t i o n  for  
mass l o a d e d  honeycomb p a n e l s  a r e  found t o  be conse 
v a t i v e l y  h i g h  from p r e v i o u s  a n a l y s i s  done a t  NASA 
Lew is  Research  C e n t e r  and i n  o t h e r  r e o o r t s  C1.21. 
To i m p r o v e  on  t h i s  p r e d i c t i o n ,  an a l t e r n a t i v e .  
method c a l l e d  t h e  NASA Lew is  Method has r e c e n t l y  
been d e v e l o p e d  a t  NASA Lew is  Research C e n t e r .  Cam- 
b r i d g e  C o l l a b o r a t i v e ,  I n c .  has been c o n t r a c t e d  t o  
s u p p o r t  NASA i n  t h i s  e f f o r t .  T h i s  method i s  recom- 
mended for t h e  m o d e l i n g  o f  u n r e i n f o r c e d  mass l o a d e d  
honeycomb p a n e l s .  
The m a j o r  m o d i f i c a t i o n s  employed i n  
Lew is  Method a r e :  
( 1 )  A new c o m p u t a t i o n  o f  t h e  r a d i a t  
( 2 )  A new c o m p u t a t i o n  for  t h e  coup1 
(3) A new method fo r  m o d e l i n g  n o n s t  
e f f  i c i  ency 
f a c t o r s  
mass 
t h e  NASA 
on 
ng loss 
u c t u r a l  
These changes a r e  u t i l i z e d  i n  t h e  VAPEPS program. 
r e t i c a l  p r e d i c t i o n  commands a r e  p r e s e n t e d .  T h i s  i S  
f o l l o w e d  b y  a d e s c r i p t i o n  o f  t h e  NASA Lew is  Method. 
The mean p r e d i c t i o n s  from t h e  NASA Lewis Method and 
t h e  s t a n d a r d  VAPEPS method a r e  compared w i t h  t h e  
l o g n o r m a l  mean f r o m  measured t e s t  d a t a  f o r  t h r e e  
s p a c e c r a f t  p a n e l s .  
response  p r e d i c t i o n .  
r e s p o n s e s ,  c o n f i d e n c e  l e v e l s  a r e  c a l c u l a t e d .  The 
s t a n d a r d  VAPEPS c o n f i d e n c e  l e v e l s  a r e  u n r e a l i s t i -  
c a l l y  h i g h  [ 1 , 2 1 .  
Lew is  Lognormal  95/50 Method,  i s  p r e s e n t e d  for Com- 
p u t i n g  c o n f i d e n c e  l e v e l s  based on  a n a l y t i c a l l y  
d e t e r m i n e d  response  v a r i a n c e .  The c o n f i d e n c e  l e v -  
e l s  f r o m  t h e  NASA Lewis Lognormal  95/50 Method and 
t h e  s t a n d a r d  VAPEPS method a r e  compared w i t h  t h e  
e n v e l o p e  o f  t h e  t e s t  d a t a .  
f rom t h e  s t u d y  a r e  made. 
The s t a n d a r d  VAPEPS m o d e l i n g  method and theo -  
VAPEPS o n l y  p r o v i d e s  a s p a t i a l  average 
I n  o r d e r  t o  a c c o u n t  for  peak 
An a l t e r n a t e  method,  t h e  NASA 
F i n a l l y ,  c o n c l u s i o n s  
STANDARD VAPEPS MODELING AND PREDICTION 
SEA model b u i l d i n g  i s  p e r f o r m e d  i n  t h e  SEMOD 
p r o c e s s o r  ( S t a t i s t i c a l  Energy  MODeler)  i n  VAPEPS 
C31. The i n i t i a l  s t e p  i n  v i b r o a c o u s t i c  m o d e l i n g  i s  
t o  d e f i n e  t h e  model e l e m e n t s .  E lements a r e  c l a s s i -  
f i e d  as e i t h e r  s t r u c t u r a l  or a c o u s t i c  e l e m e n t s .  
SEA e l e m e n t  p a r a m e t e r s  a r e  d e f i n e d  i n  VAPEPS i n  t h e  
ELNAME modu le .  The PATHNAME command i s  used t o  
c o n n e c t  t h e  e lemen ts  t o g e t h e r .  
t u r a l  p a n e l s ,  c y l i n d e r s ,  and cones .  To p e r f o r m  a 
v i b r o a c o u s t i c  a n a l y s i s ,  I t  i s  n e c e s s a r y  t o  i d e n t i f y  
t h e  m a t e r i a l  p r o p e r t i e s  o f  t h e  s t r u c t u r a l  e lemen t  
i n c l u d i n g  t h e  mass d e n s i t y ,  Young 's  modulus,  l o n g ! -  
t u d i n a l  wavespeed, and i n t e r n a l  damping of t h e  
m a t e r i a l .  
t o  s t r e n g t h  r a t i o  l o w  i n  ae rospace  s t r u c t u r e s ,  many 
d e s i g n s  use  honeycomb p a n e l  c o n s t r u c t i o n .  I n  o r d e r  
t o  model a nonhomogeneous honeycomb s t r u c t u r a l  pane l  
w i t h  t h e  VAPEPS s o f t w a r e  package,  t h e  honeycomb 
p a n e l  must  f i r s t  be c o n v e r t e d  t o  a s i n g l e  l a y e r  
e q u i v a l e n t  p a n e l .  
computes t h e  e q u i v a l e n t  s t r u c t u r a l  p r o p e r t i e s :  
mass d e n s i t y  (RHO). l o n g i t u d i n a l  wavespeed (CL) ,  
and Young's  modulus ( E ) .  f o r  an e q u i v a l e n t  homogene- 
ous s t r u c t u r a l  p a n e l .  The e q u i v a l e n t  S t r u c t u r a l  
p r o p e r t i e s  a r e  based o n  t h e  s i m u l t a n e o u s  S o l u t i o n  
of b e n d i n g  s t i f f n e s s ,  l o n g i t u d i n a l  wavespeed, and 
s u r f a c e  mass d e n s i t y  from each l a y e r .  
command can  a c c o u n t  f o r  l e n g t h w i s e  and w i d t h w i s e  
s t i f f e n e r s  as p a r t  o f  t h e  c o m p o s i t i o n  o f  t h e  
s t r u c t u r e .  
S t r u c t u r a l  e l e m e n t s  a r e  c h a r a c t e r i z e d  as s t r u c -  
Because o f  t h e  r e q u i r e m e n t  t o  keep t h e  w e i g h t  
The RUN=EQPL command i n  VAPEPS 
The RUN=EQPL 
1 
The s t r u c t u r a l  SEA i n p u t  p a r a m e t e r s  r e q u i r e d  
for  a VAPEPS v i b r o a c o u s t i c  a n a l y s i s  a r e  l i s t e d  as 
f o l l o w s :  
( 1 )  RHO 
( 2 )  RHOS 
( 3 )  ASMS 
( 4 )  H 
( 5 )  D 
( 6 )  BL 
( 7 )  ALX 
(8) ALY 
( 9 )  PATA 
( 1 0 )  AP 
( 1 1 )  E 
( 1 2 )  DLF 
( 1 3 )  CL 
( 1 4 )  CO 
mass d e n s i t y  o f  t h e  s t r u c t u r a l  
m a t e r  i a1 
s u r f a c e  mass d e n s i t y  o f  t h e  
s t r u c t u r a l  m a t e r i a l  
n o n s t r u c t u r a l  mass (component mass) 
o n  t h e  s t r u c t u r e  
t h i c k n e s s  o f  t h e  s t r u c t u r e  
d i a m e t e r  ( c y l i n d r i c a l  and c o n i c a l  
s t r u c t u r e s )  
l e n g t h  ( c y l i n d r i c a l  and c o n i c a l  
s t r u c t u r e s )  
t y p i c a l  sub-panel  l e n g t h  
t y p i c a l  sub-panel  w i d t h  
t o t a l  l e n g t h  o f  s t r u c t u r a l  
d i  scon t i n u i  t y  
s u r f a c e  a r e a  
Y o u n g ' s  modulus o f  t h e  s t r u c t u r a l  
m a t e r  i a 1 
damping l o s s  f a c t o r  = 2.0 * 
c r i t i c a l  damping 
l o n g i t u d i n a l  wavespeed i n  t h e  
s t r u c t u r a l  m a t e r i a l  
v e l o c i t y  o f  sound i n  gaseous medium 
a d j a c e n t  t o  t h e  s t r u c t u r e .  
N o n s t r u c t u r a l  component mass mounted o n  t h e  
s u r f a c e  o f  a honeycomb p a n e l  has an a t t e n u a t i o n  
a f f e c t  o n  t h e  r e s p o n s e .  The r e s p o n s e  p r e d i c t i o n  
f o r  a mass l o a d e d  honeycomb p a n e l  i s  computed b y  
m u l t i p l y i n g  t h e  r e s p o n s e  p r e d i c t i o n  f o r  an  u n l o a d e d  
p a n e l  b y  a s c a l e  f a c t o r :  
STRUCTURAL MASS 
STRUCTURAL MASS + ASMS S . F .  = ( 1 )  
where 
S . F .  i s  t h e  s c a l e  f a c t o r  
JPL has done s i g n i f i c a n t  r e s e a r c h  t o  i m p r o v e  
t h e  VAPEPS p r e d i c t i o n  m e t h o d o l o g y  f o r  n o n s t r u c t u r a l  
mass l o a d i n g  o n  honeycomb p a n e l s .  Because o f  t h e  
i n h e r e n t  d i f f i c u l t y  i n  d e t e r m i n i n g  how t h e  n o n s t r u c -  
t u r a l  mass a f f e c t s  t h e  modal d e n s i t y  and s t i f f n e s s  
p r o p e r t i e s  o f  t h e  honeycomb p a n e l ,  most  m o d e l i n g  
methods f a i l  t o  y i e l d  r e s u l t s  t h a t  compare w e l l  
w i t h  a c o u s t i c  t e s t  d a t a .  However, t h e  ASMS model-  
i n g  method, t h e  s t a n d a r d  VAPEPS method f o r  m o d e l i n g  
n o n s t r u c t u r a l  mass, i s  a c o n s e r v a t i v e  method.  
A c o u s t i c  e l e m e n t s  a r e  a i r  spaces i n s i d e  t h e  
s t r u c t u r e  or t h e  s u r r o u n d i n g  e n v i r o n m e n t  o u t s i d e  
t h e  s t r u c t u r e .  These e l e m e n t s  can be d e s c r i b e d  as 
e i t h e r  b e i n g  r e v e r b e r a n t  or n o n r e v e r b e r a n t .  
c h a r a c t e r i z e  t h e  a c o u s t i c  space,  i t  i s  n e c e s s a r y  t o  
p r e s c r i b e  t h e  mass d e n s i t y  and speed o f  sound w i t h i n  
t h e  gaseous medium, and t h e  volume o f  t h e  a c o u s t i c  
space.  VAPEPS r e q u i r e s  t h e  s p e c i f i c a t i o n  o f  t h e s e  
a c o u s t i c  p a r a m e t e r s  t o  d e f i n e  an a c o u s t i c  
e l  emen t : 
To 
( 1 )  RHO mass d e n s i t y  o f  t h e  gaseous medium 
( 2 )  AP s u r f a c e  a r e a  exposed t o  t h e  a c o u s t  
( 3 )  V volume o f  t h e  a c o u s t i c  space 
( 4 )  AAC a c o u s t i c  a b s o r p t i o n  c o e f f i c i e n t  o f  
s u r f a c e s  exposed t o  t h e  a c o u s t i c  f 
(5) CO speed of sound 
c f i e l d  
t h e  
e l d  
An e x c i t a t i o n  e l e m e n t  i s  t h e  a c o u s t i c  e l e m e n t  
w h i c h  i s  t h e  s o u r c e  o f  a c o u s t i c  e n e r g y .  The SETEXC 
( s e t  e x c i t a t i o n )  i s  t h e  command i n  VAPEPS t o  d e f i n e  
t h e  e x c i t a t i o n  e l e m e n t .  The e x c i t a t i o n  s p e c t r u m  i s  
s p e c i f i e d  b y  t h e  EXCITATION command and t h e  a s s o c i -  
a t e d  113 o c t a v e  f r e q u e n c y  r a n g e  b y  t h e  FREQUENCY 
command. 
A f t e r  t h e  s t r u c t u r a l  and a c o u s t i c  e l e m e n t s  
have been d e f i n e d ,  t h e  n e x t  m o d e l i n g  s t e p  i s  t o  
p r e s c r i b e  t h e  c o n n e c t i v i t y  between e l e m e n t s .  A 
s e r i e s  o f  c o n n e c t i o n  p a t h s  a r e  l i s t e d  i n  t h e  
"VAPEPS VOLUME 11: USER'S MANUAL" [31 ,  u n d e r  chap- 
t e r  1 1  S t a t i s t i c a l  Energy  M o d e l e r .  W h i l e  i n  t h e  
SEMOD p r o c e s s o r ,  t h e  PATHNAME command p r o m p t s  t h e  
u s e r  f o r  e l e m e n t  c o n n e c t i o n  i n f o r m a t i o n .  Depend ing  
o n  t h e  t y p e  o f  c o n n e c t i v i t y  s p e c i f i e d ,  t h e  p r o g r a m  
has b u i l t  i n  c o u p l i n g  l o s s  f a c t o r s  w h i c h  a c c o u n t  
f o r  e n e r g y  t r a n s f e r  between e l e m e n t s .  
Once t h e  e l e m e n t s ,  e x c i t a t i o n  spec t rum,  
and e n e r g y  p a t h s  have been d e t e r m i n e d ,  t h e  n e x t  
s t e p  i s  t o  e x e c u t e  t h e  VAPEPS program.  The o r d e r  
o f  e x e c u t i o n  o f  t h e  VAPEPS c o m a n d s  t o  p e r f o r m  a 
v i b r o a c o u s t i c  p r e d i c t i o n  i s  as f o l l o w s :  
( A )  MDENS 
( 8 )  ATACALC 
( C )  ATACO 
( D )  CFAC 
( E )  TPRD 
( F )  POWER 
The f i r s t  command, MDENS, i s  used t o  c a l c u l a t e  
t h e  modal d e n s i t y  o f  each 1 / 3  o c t a v e  f r e q u e n c y  
band.  SEA t h e o r y  computes r e s p o n s e  p r e d i c t i o n s  
based o n  t h e  modal d e n s i t y .  ATACALC g e n e r a t e s  t h e  
c o u p l i n g  l o s s  f a c t o r s  u s e d  i n  t r a n s f e r r i n g  e n e r g y  
be tween e l e m e n t s .  ATACO does t h e  i n v e r s i o n  o f  t h e  
c o u p l i n g  l o s s  m a t r i x  and c a l c u l a t e s  t h e  t r a n s f e r  
f u n c t i o n s .  The n e x t  command, CFAC, i s  a means of 
i n d i c a t i n g  t h e  e n g i n e e r i n g  u n i t s  used i n  t h e  v i b r o -  
a c o u s t i c  a n a l y s i s .  The command TPRD p e r f o r m s  t h e  
v i b r o a c o u s t i c  p r e d i c t i o n  and g e n e r a t e s  t h e  m a t r i x  
of e l e m e n t  r e s p o n s e s .  
a m a t r i x  o f  power f low between e l e m e n t s .  T h i s  i s  a 
u s e f u l  command t o  t r o u b l e s h o o t  t h e  model f o r  i n a d e -  
q u a t e  e n e r g y  c o n n e c t i o n  p a t h  d e f i n i t i o n .  
An example  o f  a s i m p l e  two e l e m e n t  VAPEPS r u n -  
s t r e a m ,  w i t h  comments, i s  p r e s e n t e d  i n  F i g .  1 .  The 
SEA model i s  composed o f  an  e x t e r n a l  e x c i t a t i o n  
a c o u s t i c  e l e m e n t ,  EXTA, and a s t r l J c t u r a 1  p a n e l  e l e -  
ment ,  PL. The s t r u c t u r a l  e l e m e n t  i s  e x c i t e d  on 
b o t h  s i d e s  b y  t h e  e x c i t a t i o n  a c o u s t i c  space.  The 
example model  i s  d e s i g n e d  t o  r e v e a l  t h e  c a p a b i l i t i e s  
o f  t h e  VAPEPS t h e o r e t i c a l  r e s p o n s e  p r e d i c t i o n  p r o -  
gram. T a b l e  I l i s t s  t h e  SEA example model e x c i t a -  
t i o n s  and r e s p o n s e s .  T a b l e  I 1  l i s t s  t h e  power f low 
t h r o u g h  t h e  mode l .  
The POWER command g e n e r a t e s  
2 
NASA LEWIS METHOD 
I n  o r d e r  t o  more a c c u r a t e l y  p r e d i c t  t h e  v i b r o -  
a c o u s t i c  response  o f  u n r e i n f o r c e d  mass l o a d e d  honey- 
comb Panel  s t r u c t u r e s  w i th  VAPEPS, t h e  NASA Lew is  
Method was deve loped .  T h i s  m o d e l i n g  method r e q u i r e s  
some d e v i a t i o n  f r o m  t h e  s t a n d a r d  VAPEPS m o d e l i n g  
mechan ics  d e s c r i b e d  p r e v i o u s l y .  
One of t h e  ma in  d i f f e r e n c e s  i s  t h e  c o m p u t a t i o n  
o f  t h e  c o u p l i n g  loss  f a c t o r s  based on  a new d e f i n i -  
t i o n  o f  t h e  r a d i a t i o n  e f f i c i e n c y .  The r a d i a t i o n  
e f f i c i e n c y  f o r m u l a t i o n  used i n  t h e  NASA Lew is  
Method i s  adap ted  from recommendat ions f r o m  Cam- 
b r i d g e  C o l l a b o r a t i v e ,  I n c .  t o  improve  on  t h e  
r a d i a t i o n  e f f i c i e n c y  w i t h i n  VAPEPS. 
quency,  t h e  r a d i a t i o n  e f f i c i e n c y  for  t h e  NASA Lew is  
Method i s  c a l c u l a t e d :  
F o r  f r e q u e n c i e s  l e s s  t h a n  t h e  c r i t i c a l  f r e -  
Orad = ( f l f c ) ‘  for  f < f c  ( 2 )  
where 
o r a d  r a d i a t i o n  e f f i c i e n c y  
f c  c r i t i c a l  f r e q u e n c y  
A t  and above t h e  c r i t i c a l  f requency ,  t h e  r a d i a t i o n  
e f f i c i e n c y  f o r  t h e  NASA Lew is  Method i s  f o r m u l a t e d :  
Orad = 1.0 for f f c  (3) 
I t  s h o u l d  be n o t e d  t h a t  d e f i n i n g  t h e  r a d i a t i o n  
e f f i c i e n c y  w i t h  t h e  NASA Lew is  Method e l i m l n a t e s  
t h e  need t o  s p e c i f y  t h e  PATA p a r a m e t e r .  
p a r a m e t e r ,  t h e  t o t a l  l e n g t h  o f  s t r u c t u r a l  d i s c o n t i -  
n u i t y  w h i c h  a f f e c t s  t h e  b e n d i n g  wave p a t t e r n  i n  t h e  
p a n e l ,  i s  p a r t  o f  t h e  M a i d a n i k  r a d i a t i o n  e f f i c i e n c y  
141 c o m p u t a t i o n  used i n  VAPEPS. 
The NASA Lew is  Method a l s o  c o n s e r v e s  t h e  
i m p o r t a n t  s t r u c t u r a l  p r o p e r t i e s .  These p r o p e r t i e s  
i n c l u d e  c o n s e r v a t i o n  o f  p a n e l  mass, modal d e n s i t y ,  
l o n g i t u d i n a l  wavespeed and c r i t i c a l  f r e q u e n c y  f o r  
an u n l o a d e d  s t r u c t u r e .  B o t h  t h e  modal d e n s i t y  and 
t h e  c r i t i c a l  f r e q u e n c y  a r e  d i r e c t l y  p r o p o r t i o n a l  t o  
t h e  square  r o o t  o f  t h e  p a n e l  mass. T h e r e f o r e ,  c o r -  
r e c t l y  s p e c l f y l n g  t h e  p a n e l  mass i s  an i n t e g r a l  
p a r t  of t h e  p r e d i c t i o n  me thodo logy .  
fo r  m o d e l i n g  an u n r e i n f o r c e d  mass l o a d e d  honeycomb 
p a n e l  : 
p a r a m e t e r s  of t h e  honeycomb p a n e l  b y  u s i n g  RUN=EQPL 
(Heqv, RHOeqv, RHOSeqv, Eeqv) . 
( S t e p  2 )  Model t h e  s t r u c t u r a l  p a n e l  i n  VAPEPS 
u s i n g  t h e  e q u i v a l e n t  p a r a m e t e r s .  
( S t e p  3) Model component masses u s i n g  ASMS 
( n o n s t r u c t u r a l  mass) p a r a m e t e r .  
( S t e p  4)  Make t h e o r e t i c a l  p r e d i c t i o n ,  l i s t i n g  
t h e  modal d e n s i t i e s  and c r i t i c a l  f r e q u e n c y .  
S t e p s  1 t o  4 d e f i n e  t h e  ASMS m o d e l i n g  method.  
Based on  t h e  modal d e n s i t y  and c r i t i c a l  f r e q u e n c y  
The PATA 
An o u t l i n e  of t h e  NASA Lew is  Method i s  g i v e n  
( S t e p  1 )  D e t e r m i n e  t h e  e q u i v a l e n t  a c o u s t i c  
v a l u e s  computed i n  S teps  1 t h r u  4, a new s e t  o f  
e q u i v a l e n t  m o d e l i n g  pa ramete rs  a r e  c a l c u l a t e d  for  
use i n  t h e  NASA Lew is  Method: 
( S t e p  5) Heqv, t h e  e q u i v a l e n t  t h i c k n e s s  
computed i n  S t e p  1 .  i s  used i n  Steps 7 and 8.  T h i s  
v a l u e  i s  chosen i n  o r d e r  t h a t  t h e  modal d e n s i t y  and 
t h e  c r i t i c a l  f r e q u e n c y  a r e  c o n s e r v e d .  
( S t e p  6) Compute t h e  t o t a l  mass, M 
M = Mpanel t Mcomponent 
M = RHOeqv A Heqv 
where 
M t o t a l  mass 
Mpanel mass of t h e  p a n e l  
Mcomponent mass o f  t h e  component 
RHOeqv e q u i v a l e n t  pane l  d e n s i t y  
Heqv e q u i v a l e n t  p a n e l  t h i c k n e s s  
A p a n e l  a r e a  
( S t e p  7 )  C a l c u l a t e  t h e  mass d e n s i t y ,  RHOeqv 
M 
= ( A  Heqv) ( 6 )  
( S t e p  8) C a l c u l a t e  t h e  s u r f a c e  mass d e n s i t y ,  
RHOSeqv 
RHOSeqv = RHOeqv Heqv ( 7 )  
( S t e p  9) C a l c u l a t e  Young’s  modulus,  Eeqv 
Eeqv = (CL)‘ ’ RHOeqv (8) 
where 
CL l o n g i t u d i n a l  wavespeed i n  t h e  pane l  
( S t e p  10) Remodel s t r u c t u r e  based on t h e  e q u i v -  
a l e n t  p r o p e r t l e s  c a l c u l a t e d  from Eqs. (6). ( 7 ) .  and 
(8 )  and Heqv f r o m  S t e p  1 .  R e s e t  ASMS = 0.0. 
( S t e p  1 1 )  Compute a new s e t  o f  c o u p l i n g  loss 
f a c t o r s ,  based on  t h e  r a d i a t i o n  e f f i c i e n c y  d e f i n e d  
b y  Eqs. ( 2 )  and ( 3 ) .  
The c o u p l i n g  l o s s  from p a n e l  t o  a c o u s t i c  space 
i s :  
where 
9 ; a  
Pa 
Ca 
RHOS, q v 
3 
Paca r a d  
“p;a znf RHOS eqv ( 9 )  
c o u p l i n g  l o s s  from p a n e l  t o  a c o u s t i c  space 
d e n s i t y  o f  gas i n  a c o u s t i c  space 
speed o f  sound i n  a c o u s t i c  space 
s u r f a c e  mass d e n s i t y  o f  t h e  p a n e l  
Orad r a d i a t i o n  e f f i c i e n c y  
i s :  
The c o u p l i n g  l o s s  from a c o u s t i c  space t o  p a n e l  
( 1 0 )  
where 
na ;p  
n ( f ) p  modal d e n s i t y  o f  t h e  p a n e l  ( from S t e p  4 )  
n ( f ) a  modal d e n s i t y  of t h e  a c o u s t i c  space 
c o u p l i n g  l o s s  from a c o u s t i c  space t o  p a n e l  
( from S t e p  4 )  
c o u p l i n g  l o s s  from p a n e l  t o  a c o u s t i c  space 
( S t e p  12 )  U s i n g  RUN=CLFPUT [31 ,  add t h e  cou-  
qP;a 
p l i n g  l o s s  f a c t o r s  t o  t h e  ATA m a t r i x .  I n  a s t a n d -  
a r d  VAPEPS p r e d i c t i o n ,  t h i s  m a t r i x  i s  g e n e r a t e d  b y  
t h e  ATACALC command. F o r  t h e  NASA Lewis  Method,  
ATACALC i s  e l i m i n a t e d  from t h e  p r e d i c t i o n  scheme. 
( S t e p  13 )  A t h e o r e t i c a l  p r e d i c t i o n  i s  c o m p l e t e d  
b y  p r o c e e d i n g  i n  t h e  SEMOD p r o c e s s o r  w i t h  t h e s e  
s t e p s :  
( A )  ATACO 
( 6 )  CFAC 
(C)  TPRD 
( D )  POWER 
COMPARISON OF NASA LEWIS METHOD 
PREDICTION WITH THE ASMS VAPEPS 
PREDICTION AND TEST DATA 
The NASA Lewis  Method and t h e  s t a n d a r d  ASMS 
VAPEPS method a r e  used t o  model t h r e e  s p a c e c r a f t  
p a n e l s  for  c o m p a r i s o n  w i t h  a c o u s t i c  g r o u n d  t e s t  
d a t a .  The t h r e e  s p a c e c r a f t  p a n e l s  r e p r e s e n t  t y p i -  
c a l  honeycomb p a n e l  d i m e n s i o n s  and component mass 
l o a d i n q s .  The boundarv  c o n d i t i o n s  f o r  each o f  t h e  
p a n e l s - i s  s i m p l y  suppo;ted a r o u n d  t h e  edges w 
r e i n f o r c e m e n t  a c r o s s  t h e  p a n e l  s u r f a c e .  
The t e s t  d a t a  for  P a n e l s  A and B was p r o  
v i d e d  b y  JPL and RCA. The t e s t  d a t a  fo r  Pane 
was p r o v i d e d  b y  t h e  Nava l  Research  L a b o r a t o r y  
Wash ing ton ,  D.C., as an SDIO s p i n o f f .  
S p a c e c r a f t  Panel  A has d i m e n s i o n s  o f  30"  
t h  n o  
C 
i n  
b y  
r a t i o  40" b y  1 "  w i t h  a component mass t o  p a n e l  mass 
of 1 6 : l .  D u r i n g  t h e  a c o u s t i c  g r o u n d  t e s t ,  t h i r t e e n  
a c c e l e r o m e t e r s  were i n s t r u m e n t e d  a c r o s s  t h e  s u r f a c e  
o f  t h e  p a n e l .  Based o n  t h e  modal d e n s i t y  r e q u i r e -  
ment o f  a t  l e a s t  one mode p e r  113 o c t a v e  band [21, 
t h e  l o w e s t  f r e q u e n c y  f o r  v a l i d  r e s p o n s e  p r e d i c t i o n  
i s  125 Hz. The c r i t i c a l  f r e q u e n c y  f o r  t h e  u n l o a d e d  
p a n e l  i s  513 Hz. 
S p a c e c r a f t  Panel  B has d i m e n s i o n s  o f  40" b y  
40" b y  1 "  w i t h  a component mass t o  p a n e l  mass r a t i o  
o f  2 3 : l .  D u r i n g  t h e  a c o u s t i c  g r o u n d  t e s t ,  n i n e  
a c c e l e r o m e t e r s  were i n s t r u m e n t e d  a c r o s s  t h e  s u r f a c e  
o f  t h e  p a n e l .  
r e s p o n s e  p r e d i c t i o n  i s  2 5 0  Hz. The c r i t i c a l  
f r e q u e n c y  f o r  t h e  u n l o a d e d  p a n e l  i s  495 Hz.  
The minimum f r e q u e n c y  f o r  v a l i d  
S p a c e c r a f t  Panel  C has d i m e n s i o n s  o f  40" b y  
50" b y  0 . 7 5 "  w i t h  a component mass t o  p a n e l  mass 
r a t i o  o f  2 . 7 5 : l .  
t h r e e  a c c e l e r o m e t e r s  were i n s t r u m e n t e d  a c r o s s  t h e  
p a n e l  s u r f a c e .  The minimum f r e q u e n c y  f o r  v a l i d  
r e s p o n s e  p r e d i c t i o n  i s  250 Hz. The c r i t i c a l  
f r e q u e n c y  f o r  t h e  u n l o a d e d  p a n e l  i s  666 Hz. 
Lewis  Method mean p r e d i c t i o n ,  t h e  ASMS mean p r e d i c -  
t i o n ,  and t h e  s t a t i s t i c a l  l o g n o r m a l  mean o f  t h e  1 / 3  
o c t a v e  a c c e l e r o m e t e r  t e s t  d a t a .  
D u r i n g  t h e  a c o u s t i c  g r o u n d  t e s t ,  
F i g u r e s  2 t o  4 show a compar ison o f  t h e  NASA 
The NASA L e w i s  Method t e n d s  t o  p r e d i c t  t h e  
a v e r a g e  r e s p o n s e  of an  u n r e i n f o r c e d  mass l o a d e d  hon- 
eycomb p a n e l  w e l l  f o r  a v a r i e t y  o f  mass l o a d i n g  
c a s e s .  The mean v a l u e  of t h e  t e s t  d a t a  f o r  Panel  A 
i s  more s t a t i s t i c a l l y  s i g n i f i c a n t  t h a n  f o r  P a n e l s  B 
and C because o f  t h e  l a r g e r  number o f  acce le rome-  
t e r s .  The NASA L e w i s  Method matches t h e  t e s t  d a t a  
b e s t  for  Pane l  A .  F o r  t h e  case o f  P a n e l s  8 and C ,  
t h e  NASA L e w i s  Method p r e d i c t i o n  fo l lows t h e  t r e n d  
of t h e  t e s t  d a t a  w e l l ,  e x c e p t  a t  t h e  h i g h e r  
f r e q u e n c i e s .  
m o d e l i n g  method r e s u l t s  i n  a c o n s e r v a t i v e  p r e d i c -  
t i o n  i n  c o m p a r i s o n  w i t h  t h e  t e s t  d a t a .  T h i s  i s  
i l l u s t r a t e d  i n  F i g s .  2, 3 and 4 .  
The NASA Lewis Method r a d i a t i o n  efficiency 
f o r m u l a t i o n  i s  a n  improvement  o n  t h e  ASMS VAPEPS 
r a d i a t i o n  e f f i c i e n c y  c o m p u t a t i o n .  As a r e s u l t ,  t h e  
s p e c t r a l  shape o f  t h e  NASA L e w i s  Method p r e d i c t i o n  
c l o s e l y  matches  t h e  measured t e s t  d a t a ,  p a r t i c u l a r l y  
b e l o w  t h e  c r i t i c a l  f r e q u e n c y .  The NASA Lewis  
Method of c a l c u l a t i n g  c o u p l i n g  l o s s  f a c t o r s  and 
t h e  method of m o d e l i n g  n o n s t r u c t u r a l  mass improves  
t h e  m a g n i t u d e  o f  t h e  r e s p o n s e  p r e d i c t i o n .  
improvements  a r e  i l l u s t r a t e d  b y  compar ing  t h e  mean 
p r e d i c t i o n s  t o  t h e  mean o f  t h e  t e s t  d a t a  i n  F i g s .  
2 ,  3 ,  and 4.  Thus t h e  NASA Lewis  Method i s  recom- 
mended t o  model u n r e i n f o r c e d  mass l o a d e d  honeycomb 
Dane1 s .  
A s  p r e v i o u s l y  s t a t e d ,  t h e  s t a n d a r d  ASMS VAPEPS 
These 
ADDING CONFIDENCE LEVELS TO THE NASA 
LEWIS METHOD PREDICTION AND THE 
ASMS VAPEPS PREDICTION 
The f i n a l  o b j e c t i v e  o f  t h e  VAPEPS a n a l y s i s  i s  
t o  e s t a b l i s h  component random v i b r a t i o n  s p e c i f i c a -  
t i o n  t e s t  l e v e l s .  VAPEPS does n o t  c o v e r  s p a t i a l  
v a r i a t i o n  r e s p o n s e s .  Peak r e s p o n s e s  a r e  p r e d i c t e d  
s t a t i s t i c a l l y  b y  a d d i n g  a 95 p e r c e n t  c o n f i d e n c e  
l e v e l  t o  t h e  VAPEPS a v e r a g e  p r e d i c t e d  r e s p o n s e .  
The RUN=TPVL 1 3 1  command i n  VAPEPS computes a 9 5 / 5 0  
c o n f i d e n c e  l e v e l  based o n  t h e  l o g n o r m a l  mean v a l u e  
and s t a n d a r d  d e v i a t i o n .  The s t a n d a r d  VAPEPS equa- 
t i o n  t o  compute l o g n o r m a l  c o n f i d e n c e  l e v e l s  i s :  
LN(n%) = ELN(m)- 0.5LN(02/m2 + 1  .0)3 + 
0 . 5  
s. f .*Kx%*[LN(02/m2 t 1.0) l  
where 
n% d e s i r e d  l o g n o r m a l  p r e d i c t e d  r e s p o n s e  
m mean v a l u e  p r e d i c t e d  r e s p o n s e  
( 1 1 )  
4 
s . f .  skew f a c t o r  
LN n a t u r a l  l o g a r i t h m  
0 s t a n d a r d  d e v i  a t i o n  
Kx% c o n s t a n t  r e l a t i n g  t h e  " x "  p e r c e n t i l e  
v a l u e  t o  a m u l t i p l e  o f  t h e  s t a n d a r d  
d e v i a t i o n  f o r  a normal  d i s t r i b u t i o n  
( f o r  an i n f i n i t e  p o p u l a t i o n )  
02/m2 = 4.1 
s . f .  = 1 .2  
The s i m p l i f i e d  l ognorma l  d i s t r i b u t i o n  e q u a t i o n  f o r  
a 9 5 t h  p e r c e n t i l e  ( 9 5 / 5 0 )  l e v e l  (K95% = 1 .65)  u s i n g  
t h e  d e f a u l t  v a l u e s  i s :  
n95% = 5 .54  m 
or 
n957. = m + 7 . 4  db 
( 1 2 )  
P r e v i o u s  r e s e a r c h  done a t  NASA Lew is  Research 
C e n t e r  i n d i c a t e s  t h a t  t h e  s t a n d a r d  VAPEPS method 
for  c o m p u t i n g  c o n f i d e n c e  l e v e l s  r e s u l t s  i n  u n r e a l i s -  
t i c a l l y  h i g h  p r e d i c t i o n  l e v e l s .  
The d e f a u l t  v a l u e  f o r  o2/m2 P 4.1 i s  
b e l i e v e d  t o  be too l a r g e .  As an a l t e r n a t i v e  method 
t o  compute t h i s  v a l u e ,  Eq. ( 1 3 )  i s  u t i l i z e d  C5.61. 
T h i s  e q u a t i o n  forms t h e  b a s i s  for  t h e  NASA Lew is  
Lognormal  9 5 / 5 0  Method.  
where 
a2 v a r i a n c e  o f  mean-squared response  
m mean-square response  
Pa a n a l y s i s  b a n d w i d t h  
(0) mode shape ave rage  
q i n t e r n a l  pane l  damping 
Q ( O )  p a n e l  modal d e n s i t y  
The v a l u e s  fo r  t h e  modal d e n s i t y  and t h e  i n t e r n a l  
p a n e l  damping a r e  o b t a i n e d  from t h e  NASA Lew is  
Method a n a l y s i s .  The mode shape t e r m  was e v a l u a t e d  
a n a l y t i c a l l y  from f i n i t e  e l e m e n t  models  o f  mass 
l o a d e d  honeycomb p a n e l s .  The r e s u l t s  f r o m  Eq. ( 1 3 )  
a r e  ave raged  o v e r  t h e  v a l i d  f requency  r a n g e  o f  
r e s p o n s e .  T h i s  y i e l d s  a 0 2 / m 2  r a t i o  o f  0 . 7 4 .  
T h i s  a g r e e s  w e l l  w i t h  t h e  a c t u a l  t e s t  d a t a ,  whose 
ave rage  r a t i o  i s  0.80. S u b s t i t u t i n g  t h i s  v a l u e  
i n t o  Eq. ( 1 1 )  r e s u l t s  i n :  
n95% = 3 .3  * m 
n95% = m + 5 .2  dB 
or (14 )  
E q u a t i o n  ( 1 4 )  i s  t h e  NASA Lew is  Lognormal 9 5 / 5 0  
Me t hod.  
The NASA Lew is  Lognormal 9 5 / 5 0  Method adds 
5 . 2  d6 t o  t h e  mean p r e d i c t e d  response ,  w h i l e  t h e  
s t a n d a r d  VAPEPS method adds 7 . 4  dB. The NASA Lewis 
Lognormal 9 5 / 5 0  Method i s  a l e s s  c o n s e r v a t i v e  method 
f o r  a d d i n g  c o n f i d e n c e  t o  t h e  mean p r e d i c t i o n .  
The NASA Lew is  Lognormal 9 5 / 5 0  Method c o n f i -  
dence l e v e l  (Eq.  14)  i s  computed for  t h e  NASA Lewis 
Method mean p r e d i c t i o n .  The s t a n d a r d  VAPEPS 
(RUN=TPVL) 95 p e r c e n t  c o n f i d e n c e  l e v e l  (Eq.  12) i s  
c a l c u l a t e d  f o r  t h e  ASMS VAPEPS method mean p r e d i c -  
t i o n .  A compar i son  o f  t h e  NASA Lew is  Lognormal 
95 \50  Method and t h e  s t a n d a r d  VAPEPS c o n f i d e n c e  
l e v e l  p r e d i c t i o n  i s  made w i t h  t h e  enve lope  o f  t h e  
t e s t  d a t a  for  t h e  t h r e e  s p a c e c r a f t  p a n e l s  i n  
F i g s .  5 t h r u  7 .  The NASA L e w i s  Lognormal 95/50 
Method compares b e t t e r  t o  t h e  e n v e l o p e  o f  t h e  t e s t  
d a t a  t h a n  does t h e  s t a n d a r d  VAPEPS method. Ef for ts 
to  f u r t h e r  improve  t h e  c a l c u l a t i o n  o f  t h e  c o n f i -  
dence l e v e l s  a r e  i n  p r o g r e s s .  
CONCLUSIONS 
S t a t i s t i c a l  Energy A n a l y s i s ,  as e x e c u t e d  b y  
VAPEPS, i s  a p r o v e n  method fo r  p r e d i c t i n g  t h e  
v i b r o a c o u s t i c  response  o f  a s t r u c t u r e .  The NASA 
Lew is  Method, as p r e s e n t e d  i n  t h i s  p a p e r ,  i s  t h e  
recommended method for  p r e d i c t i n g  t h e  mean v i b r o -  
a c o u s t i c  r e s p o n s e  for  u n r e i n f o r c e d  mass l o a d e d  
honeycomb p a n e l s .  
The NASA Lew is  Method improves  on t h e  s p e c t r a l  
shape and magn i tude  o f  t h e  r e s p o n s e  p r e d i c t i o n .  
The improvement  i n  t h e  s p e c t r a l  shape o f  t h e  
response  p r e d i c t i o n  i s  due t o  t h e  NASA Lew is  Method 
r a d i a t i o n  e f f i c i e n c y  c o m p u t a t i o n ,  p a r t i c u l a r l y  
be low t h e  c r i t i c a l  f r e q u e n c y .  The improvement  i n  
t h e  magn i tude  o f  t h e  r e s p o n s e  p r e d i c t i o n  i s  due t o  
t h e  method o f  m o d e l i n g  component mass and t h e  compu- 
t a t i o n  o f  t h e  c o u p l i n g  l o s s  f a c t o r s .  T h i s  method 
a l s o  conserves  t h e  pane l  mass, modal d e n s i t y ,  l o n g i -  
t u d i n a l  wavespeed and c r i t i c a l  f r e q u e n c y .  The end 
r e s u l t  i s  t h e  NASA Lew is  Method y i e l d s  p r e d i c t i o n s  
w h i c h  match t h e  t e s t  d a t a  w e l l .  The p r e d i c t i o n  mag- 
n i t u d e  i s  typically w i t h i n  a factor of 3 of the 
t e s t  d a t a  and t h e  s p e c t r a l  shape o f  t h e  p r e d i c t i o n  
f o l l o w s  t h e  t r e n d  o f  t h e  t e s t  d a t a .  The s t a n d a r d  
VAPEPS method o v e r p r e d i c t s  t h e  l o g n o r m a l  mean o f  
t h e  t e s t  d a t a  b y  a f a c t o r  o f  10 t o  50 and does n o t  
follow t h e  t e s t  d a t a  t r e n d  b e l o w  t h e  c r i t i c a l  
f r e q u e n c y .  
dence l e v e l  adds 5.2 dB t o  t h e  mean p r e d i c t e d  
r e s p o n s e .  The s t a n d a r d  VAPEPS c o n f i d e n c e  l e v e l  
adds 7 .4  dB t o  t h e  mean p r e d i c t e d  response .  The 
NASA Lew is  Lognormal  9 5 / 5 0  Method g i v e s  a more 
r e a l i s t i c  p r e d i c t i o n  from w h i c h  t o  base component 
v i b r a t i o n  t e s t  s p e c i f i c a t i o n  l e v e l s .  Work i s  i n  
p r o g r e s s  t o  f u r t h e r  improve  t h e  c a l c u l a t i o n  o f  t h e  
c o n f i d e n c e  l e v e l s .  
The NASA Lew is  Lognormal  9 5 / 5 0  Method c o n f i -  
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done \ e x i t  pathname p r o c e s s o r  
MDENS 40.0.2000.0 \ c a l c .  modal d e n s i t y l s p e c i f y  f r e q .  r a n g e  
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CFAC 7.1.4 \ d e f i n e  c o n v e r s i o n  u n i t s  
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\end o f  e l e m e n t  I D  p r o c e s s o r  
FIGURE 1. - EXAMPLE SEA MODEL RUNSTREAM. 
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PANEL A 
NASA LEWIS MEAN 
TEST LOGNORMAL MEAN 
















FIGURE 2. - COMPARISON OF NASA LEWIS METHOD MEAN 
PREDICTION. ASMS VAPEPS MEAN PREDICTION, AND 
ACOUSTIC GROUND TEST DATA FOR PANEL A. 
PANEL B 








I I I I I Ill1 I I I I I I l l l  I I I I l l 1  
101 102 io3  104 
FREQUENCY, Hz 
FIGURE 3.  - COMPARISON OF NASA LEWIS METHOD MEAN 
PREDICTION, ASMS VAPEPS MEAN PREDICTION. AND ACOUSTIC 
GROUND TEST DATA FOR PANEL B. 
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PANEL C 
NASA LEWIS MEAN 
ASMS VAPEPS MEAN 
& TEST LOGNORMAL MEAN 
I I I I I I I I I  I 1 I I I1111 
101 102 103 10'1 
FREQUENCY, Hz 
DICTION, ASMS VAPEPS MEAN PREDICTION, AND ACOUSTIC 
GROUND TEST DATA FOR PANEL C .  DATA PROVIDED BY THE 
NAVAL RESEARCH LABORATORY I N  WASHINGTON. D.C. AS AN 
SDIO SPINOFF. 
FIGURE 4. - COMPARISON OF NASA LEWIS METHOD MEAN PRE- 
PANEL A 
+ NASA LEWIS LOGNORMAL 95/50  
,-E-, ASMS RUN = TPVL 95/50  
TEST ENVELOPE 
101 c n 






102 10'1 101 
FREQUENCY, Hz 
FIGURE 5. - COMPARISON OF NASA LEWIS LOGNORMAL 9 5 / 5 0  
PREDICTION. VAPEPS RUN = TPVL 95/50  PREDICTION AND 
ACOUSTIC GROUND TEST DATA FOR PANEL A. 
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PANEL B 
+ NASA LEWIS LOGNORMAL 95/50 
ASMS RUN = TPVL 95/50 
TEST ENVELOPE 




FIGURE 6 .  - COMPARISON OF NASA LEWIS LOGNORMAL 95/50 
PREDICTION. VAPEPS RUN = TPVL 95/50 PREDICTION, AND 
ACOUSTIC GROUND TEST DATA FOR PANEL B. 
PANEL C 
NASA LEWIS LOGNORMAL 95/50 
ASMS RUN = TPVL 95/50 
TEST ENVELOPE 
101 c 
10-3 ”’ N mF 10-1 5 10-2 ul p. 
10-4 
101 102 103 104 
FREQUENCY, Hz 
PREDICTION, VAPEPS RUN = TPVL 95/50 PREDICTION, AND 
ACOUSTIC GROUND TEST DATA FOR PANEL C. 
BY THE NAVAL RESEARCH LABORATORY I N  WASHINGTON. D.C. 
AS A SDIO SPINOFF. 
FIGURE 7. - COMPARISON OF NASA LEWIS LOGNORMAL 95/50 
DATA PROVIDED 
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